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(57) ABSTRACT 
A structure and method for fabricating a heteroepitaxially 
grown lattice-mismatched semiconductor layer with a lower 
defect density is disclosed. A first semiconductor layer is 
epitaxially grown on an upper Surface of a lattice mis 
matched crystalline Substrate in a lower trench using a first 
ART deposition process. The structure is then rotated 90° 
along a horizontal plane and a second semiconductor layer 
is epitaxially grown on an upper Surface of the first semi 
conductor layer in an upper trench using a second ART 
deposition process. This results in an upper portion of the 
second semiconductor layer being Substantially free of epi 
taxy defects. 

18 Claims, 7 Drawing Sheets 
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1. 

DEFECT REDUCTION WITH ROTATED 
DOUBLE ASPECT RATO TRAPPING 

BACKGROUND 

Embodiments of the present invention relate generally to 
semiconductor devices, and more particularly to a structure 
and method of reducing defect density in materials het 
eroepitaxially grown on a semiconductor Substrate using a 
rotated double aspect ratio trapping (ART) process. 

Heteroepitaxial growth of lattice-mismatched layers (i.e., 
germanium on silicon, Group III-V compounds on silicon, 
Group III-V compounds on germanium) have practical 
applications in advanced complementary metal oxide semi 
conductor (CMOS) technologies. However, it is challenging 
to integrate germanium or Group III-V compounds into 
conventional Substrates made of silicon and/or other crys 
talline dielectric materials using conventional fabrication 
methods because the mismatch between the crystalline lat 
tice structures of the two materials may lead to high defect 
formation in the resulting epitaxial structure. The lattice 
mismatch creates dislocations, which are crystallographic 
defects formed during growth of a crystal structure, that 
ultimately affect the properties of the fabricated crystalline 
Structure. 

One conventional approach to reducing dislocations in 
epitaxially grown crystalline structures is aspect ratio trap 
ping (“ART). ART is an epitaxial deposition procedure of 
growing lattice mismatched semiconductor structures in a 
trench, whereby epitaxy defects are trapped at the trench 
bottom. However, even with the ART procedure, a consid 
erable amount of defects may still propagate to the surface 
of the epitaxy in a direction parallel to the trench, with these 
defects affecting the quality of the epitaxially grown crys 
talline structure. 

SUMMARY 

According to an embodiment, a method of reducing 
crystalline defects in a semiconductor layer is provided. The 
method may include: performing a first aspect ratio trapping 
(ART) process to form a first semiconductor layer on a 
substrate, wherein the first semiconductor layer has side 
walls in contact with a first dielectric layer, and wherein the 
first dielectric layer has a length longitudinal to a first 
direction; and performing a second ART process to form a 
second semiconductor layer on the first semiconductor layer, 
wherein the second semiconductor layer has sidewalls in 
contact with a second dielectric layer, and wherein the 
second dielectric layer has a length longitudinal to a second 
direction that is perpendicular to the first direction. 

According to another embodiment, a method of reducing 
crystalline defects in a semiconductor layer is provided. The 
method may include forming a first dielectric layer on a 
substrate; forming a lower trench in the dielectric layer, 
wherein the lower trench exposes an upper surface of the 
substrate, and wherein the lower trench has a length that is 
longitudinal to a first direction; forming a first semiconduc 
tor layer in the lower trench using a first high aspect ratio 
trapping (ART) process, wherein the first semiconductor 
layer has an upper Surface that is Substantially flush with an 
upper Surface of the first dielectric layer, forming a second 
dielectric layer on the first semiconductor layer and the first 
dielectric layer, forming an upper trench in the second 
dielectric layer, wherein the upper trench exposes the upper 
Surface of the first semiconductor layer and the upper 
surface of the first dielectric layer, and wherein the upper 
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2 
trench has a length that is longitudinal to a second direction 
that is perpendicular to the first direction; and forming a 
second semiconductor layer in the upper trench using a 
second high aspect ratio trapping (ART) process, wherein 
the second semiconductor layer has an upper Surface that is 
substantially flush with an upper surface of the second 
dielectric layer. 

According to another embodiment, a structure with 
reduced crystalline defects in a semiconductor layer is 
provided. The structure may include: a substrate; a first 
semiconductor layer on the substrate, wherein the first 
semiconductor layer has a length longitudinal to a first 
direction; a first dielectric layer on the substrate adjacent to 
and contacting the first semiconductor layer, wherein the 
first dielectric layer has a length longitudinal to a first 
direction; and a second semiconductor layer on the first 
semiconductor layer and the first dielectric layer, wherein 
the second semiconductor layer has a crystalline lattice 
structure that is mismatched from a crystalline structure of 
the first semiconductor layer by less than approximately 1%, 
and wherein the second semiconductor layer has a length 
longitudinal to a second direction that is perpendicular to the 
first direction. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The following detailed description, given by way of 
example and not intended to limit the invention solely 
thereto, will best be appreciated in conjunction with the 
accompanying drawings, in which not all structures may be 
shown. 

FIG. 1A is a top section view and FIG. 1B is a cross 
section view, both illustrating a preliminary structure of a 
first dielectric layer deposited on a Substrate, according to an 
embodiment of the present invention. 

FIG. 2A is a top view and FIG. 2B is a cross section view, 
both illustrating patterning the first dielectric layer, accord 
ing to an embodiment of the present invention. 

FIG. 3A is a top view and FIG. 3B is a cross section view, 
both illustrating epitaxially growing a first semiconductor 
layer, according to an embodiment of the present invention. 

FIG. 4A is a top view and FIG. 4B is a cross section view, 
both illustrating forming a second dielectric layer, according 
to an embodiment of the present invention. 

FIG. 5A is a top view and FIG. 5B is a cross section view, 
both illustrating patterning the second dielectric layer, 
according to an embodiment of the present invention. 

FIG. 6A is a top view and FIG. 6B is a cross section view, 
both illustrating epitaxially growing a second semiconductor 
layer, according to an embodiment of the present invention. 

FIG. 7A is a top view and FIG. 7B is a cross section view, 
both illustrating removing an upper portion of the second 
dielectric layer, according to an embodiment of the present 
invention. 
The drawings are not necessarily to Scale. The drawings 

are merely schematic representations, not intended to por 
tray specific parameters of the invention. The drawings are 
intended to depict only typical embodiments of the inven 
tion. In the drawings, like numbering represents like ele 
mentS. 

DETAILED DESCRIPTION 

Detailed embodiments of the claimed structures and 
methods are disclosed herein; however, it can be understood 
that the disclosed embodiments are merely illustrative of the 
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claimed structures and methods that may be embodied in 
various forms. This invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the exemplary embodiments set forth herein. Rather, these 
exemplary embodiments are provided so that this disclosure 
will be thorough and complete and will fully convey the 
scope of this invention to those skilled in the art. 

In the following description, numerous specific details are 
set forth, such as particular structures, components, materi 
als, dimensions, processing steps, and techniques, in order to 
provide a thorough understanding of the present invention. 
However, it will be appreciated by one of ordinary skill of 
the art that the invention may be practiced without these 
specific details. In other instances, well-known structures or 
processing steps have not been described in detail in order 
to avoid obscuring the invention. It will be understood that 
when an element as a layer, region, or Substrate is referred 
to as being “on” or "over another element, it can be directly 
on the other element or intervening elements may also be 
present. In contrast, when an element is referred to as being 
“directly on' or “directly” over another element, there are no 
intervening elements present. It will also be understood that 
when an element is referred to as being “beneath,” “below.” 
or “under another element, it can be directly beneath or 
under the other element, or intervening elements may be 
present. In contrast, when an element is referred to as being 
“directly beneath' or “directly under another element, there 
are no intervening elements present. 

In the interest of not obscuring the presentation of 
embodiments of the present invention, in the following 
detailed description, Some processing steps or operations 
that are known in the art may have been combined together 
for presentation and for illustration purposes and in some 
instances may have not been described in detail. In other 
instances, some processing steps or operations that are 
known in the art may not be described at all. It should be 
understood that the following description is rather focused 
on the distinctive features or elements of various embodi 
ments of the present invention. 
As used herein, the term “III-V compound semiconduc 

tor” denotes a semiconductor material that includes at least 
one element from Group III of the Periodic Table of Ele 
ments (B, Al. Ga, In) and at least one element from Group 
V of the Periodic Table of Elements (N. P. As, Sb, Bi). 
Typically, the III-V compound semiconductors may be 
binary alloys, ternary alloys, or quaternary alloys of III-V 
elements. Examples of III-V compound semiconductors that 
can be used in the present invention include, but are not 
limited to GaAs, InAs, InP, InGaAs, InAlAs, InAlAsSb, 
InAlAsP. AlInGaP. InGaAsP and alloys thereof. As used 
herein, "epitaxy' refers to the deposition of a crystalline 
overlayer on a crystalline substrate, while "heteroepitaxy' 
refers specifically to epitaxy performed with materials that 
are different from each other. Heteroepitaxy implies that 
although the materials and crystal structures may not be 
identical, the crystal structures are related, with the substrate 
or underlying layer templating the crystal structure of the 
overlayer. In an epitaxial deposition process, the chemical 
reactants provided by the Source gases are controlled and the 
system parameters are set so that the depositing atoms arrive 
at the deposition surface of the semiconductor substrate with 
Sufficient energy to move around on the Surface and orient 
themselves to the crystal arrangement of the atoms of the 
deposition Surface. Therefore, an epitaxial semiconductor 
material has same or closely similar crystalline characteris 
tics as the deposition surface on which it is formed. For 
example, an epitaxial semiconductor material deposited on 
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4 
a 100 crystal surface will take on a 100 orientation. In 
Some embodiments, epitaxial growth and/or deposition pro 
cesses are selective to forming on semiconductor Surface, 
and do not deposit material on dielectric Surfaces, such as 
silicon dioxide or silicon nitride Surfaces. 
Embodiments of the present invention relate generally to 

heteroepitaxial growth of lattice-mismatched semiconductor 
layers, and more particularly to a structure and method of 
reducing defect density within a heteroepitaxially grown 
lattice-mismatched semiconductor layer by performing a 
rotated double aspect ratio trapping (ART) process. Increas 
ing electron mobility is an essential element in increasing 
device performance. While devices using Group III-V com 
pounds (such as InAlAS, InAS and InSb) and/or germanium 
in fin structures have shown great promise in providing the 
desired increase in electron mobility, integration of Group 
III-V compounds and/or germanium into conventional 
CMOS devices is challenging with conventional technolo 
gies. This is because of a lattice-mismatch between the 
epitaxially grown material and a silicon Substrate may lead 
to the formation of dislocations that affect the properties of 
the epitaxial layer, including electron mobility. 
One conventional approach to reducing Such dislocation 

defects arising from a crystalline lattice mismatch is to use 
ART deposition. The ART deposition process is an epitaxial 
deposition procedure wherein a material is grown epitaxi 
ally, and usually heteroepitaxially, in a narrow trench so that 
epitaxy defects are trapped at the trench bottom. The ART 
process may produce a relatively low-defect portion of the 
epitaxial material in the upper portions of a trench. However, 
the number of dislocations typically seen in conventional 
ART processes (approximately 10°-107 dislocations/cm) 
may still be an issue in conventional CMOS devices. 
Embodiments by which to fabricate a heteroepitaxial semi 
conductor layer with a lower defect density, using a com 
bination of two ART deposition steps in which the structure 
is rotated 90° between the two epitaxial growth processes, 
are described in detail below with reference to FIGS 1A-7B. 

Referring now to FIGS. 1A and 1B, a top view and a cross 
section view along section line A-A", respectively, of a 
structure 100 are shown. The structure 100 may be a possible 
starting point of a rotated double ART process described in 
detail below. The structure 100 may beformed by depositing 
a first dielectric layer 101 on a semiconductor substrate 103. 
The substrate 103 may be composed of any crystalline 
semiconductor material typically known in the art, includ 
ing, for example, silicon, germanium, silicon-germanium 
alloy, and compound (e.g. III-V or II-VI) semiconductor 
materials. In an embodiment, the substrate 103 may be a 
bulk substrate. In another embodiment, the substrate 103 
may be a semiconductor on insulator (SOI) substrate. In a 
preferred embodiment, the substrate 103 may be composed 
of silicon. 
The first dielectric layer 101 may be formed on an upper 

surface of the substrate 103 using a conventional deposition 
technique, such as, for example, molecular beam epitaxy 
(MBE), chemical vapor deposition (CVD), plasma enhanced 
CVD (PECVD), atomic layer deposition (ALD), evapora 
tion, physical vapor deposition (PVD), chemical solution 
deposition, and other like deposition processes. The first 
dielectric layer 101 may be composed of a dielectric mate 
rial including, but not limited to, silicon oxide, silicon 
nitride, or silicon oxynitride. In an embodiment, the first 
dielectric layer 101 may be composed of an interlevel or 
intralevel dielectric material, including inorganic dielectrics 
and organic dielectrics. The first dielectric layer 101 may be 
porous or non-porous. In an embodiment, the first dielectric 
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layer 101 may have a thickness To ranging between 
approximately 0.1 um and approximately 1000 um. In a 
preferred embodiment, the first dielectric layer 101 may 
have a thickness ranging between approximately 0.5 um and 
approximately 500 um. In an embodiment, the first dielectric 
layer 101 material may be planarized after deposition using 
a conventional technique such as, for example, chemical 
mechanical planarization (CMP). 

Referring now to FIGS. 2A and 2B, a top view and a cross 
section view along section line A-A", respectively, illustrat 
ing forming lower trenches 205 in the first dielectric layer 
101 is shown. The lower trenches 205 may be formed using 
conventional lithographic and etching techniques. In an 
embodiment, a mask (not shown), such as a photoresist 
mask, may be formed over the first dielectric layer 101. The 
mask may be patterned to expose at least a portion of the first 
dielectric layer 101. The exposed portion of the first dielec 
tric layer 101 may then be removed using a conventional 
deep reactive-ion etching (“DRIE) process to form the 
lower trenches 205. In an embodiment, a representative 
DRIE process for forming the lower trenches 205 may 
include a Bosch etch process characterized by a very high 
etching rate, a high aspect ratio, and a high selectivity to 
oxide/nitride. The Bosch etch process may include an aniso 
tropic etching process that alternates repeatedly between 
cycles of etching and passivation. The patterned photoresist 
may be removed after the lower trenches 205 are formed. In 
an embodiment, portions of the first dielectric layer 101 may 
remain and may have a length that extends longitudinally 
along a first direction. The lower trenches 205 may expose 
an upper surface of the substrate 103. The lower trenches 
205 may be substantially rectangular in terms of cross 
sectional profile, a top view, or both, and be defined by 
substantially vertical sidewalls 209. The lower trenches 205 
may have a width Wols that is Smaller than the depth Dos 
of the trench openings. In an embodiment, the lower 
trenches 205 may have a width to depth ratio ranging from 
approximately 1:2 to approximately 1:10. 

Referring now to FIGS. 3A and 3B, a top view and a cross 
section view along section line A-A", respectively, illustrat 
ing forming a first semiconductor layer 303 in the lower 
trenches 205 (FIG. 2B) are shown. The first semiconductor 
layer 303 may be formed by a selective epitaxial growth 
process, including, but not limited to, rapid thermal chemi 
cal vapor deposition (RTCVD), low-energy plasma deposi 
tion (LEPD), ultra-high vacuum chemical vapor deposition 
(UHVCVD), atmospheric pressure chemical vapor deposi 
tion (APCVD), molecular beam epitaxy (MBE), and atomic 
layer deposition (ALD). The growth temperature may range 
from approximately 300° C. and approximately 800° C. 
depending on the composition of the crystalline material and 
the desired growth rate. In an embodiment, the epitaxial 
growth process may also utilize low-energy plasma to 
enhance the layer growth kinetics. The first semiconductor 
layer 303 may be grown on the upper surface of substrate 
103 and may be in contact with the sidewalls 209. In an 
embodiment, the first semiconductor layer 303 may have the 
same crystalline characteristics as the substrate 103. For 
example, in an embodiment where the substrate 103 has a 
{100 crystal surface, the first semiconductor layer 303 may 
also take on a 100 orientation. After epitaxial growth is 
completed, a top portion of the first semiconductor layer 303 
may be planarized using a conventional technique. Such as, 
for example, chemical mechanical polishing (CMP) such 
that an upper surface of the first semiconductor layer 303 is 
substantially flush with an upper surface of the first dielec 
tric layer 101. 
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6 
The first semiconductor layer 303 may be composed of 

materials that include a group IV element or compound, a 
III-V compound, or a II-VI compound. Examples of suitable 
group IV elements or compounds include germanium and 
silicon germanium (SiGe). Examples of suitable III-V com 
pounds include GaAs, GaP. GaSb, GaN. InAs, InP, InSb, 
InN, AlAs. AlP, AlSb, AN, and/or their ternary or quaternary 
compounds. Examples of Suitable II-VI compounds include 
ZnSe, ZnTe. CdSe, CdTe., ZnS, and/or their ternary or 
quaternary compounds. 

In an embodiment, a lattice constant of the first semicon 
ductor layer 303 material may be different from a lattice 
constant of the semiconductor material in the substrate 103, 
resulting in dislocation defects 305. The dislocation defects 
305 arising from a crystalline lattice mismatch may reach 
and terminate at the sidewalls 209 of the lower trenches 205. 
Since the first semiconductor layer 303 material is epitaxi 
ally grown in the lower trenches 205 using an ART process, 
most of the dislocation defects 305 may be trapped in lower 
portions of the first semiconductor layer 303, especially if 
the width to depth ratio is high. However, a few dislocation 
defects 305 may nonetheless propagate to an upper Surface 
of the first semiconductor layer 303. 

In an embodiment wherein the first semiconductor layer 
303 is composed of InP and the width to depth ratio of the 
lower trenches 205 is approximately 1:10, most of the 
dislocation defects 305 may terminate within the first 2 um 
of InP growth above the substrate 103. Thus, a low-defect 
region may be created as the epitaxial growth proceeds 
beyond the defect-trapping region. In an embodiment, a 
low-defect region of about 8 um in thickness may be formed 
above the termination of the dislocation defects 305. The 
uppermost 5 um of the first semiconductor layer 303 may 
have an even lower concentration of dislocation defects 305. 

Referring now to FIGS. 4A and 4B, a top view and a cross 
section view along section line A-A", respectively, illustrat 
ing forming a second dielectric layer 401 on the upper 
surface of the first semiconductor layer 303 and the first 
dielectric layer 101 are shown. In an embodiment, the 
second dielectric layer 401 may be substantially similar in 
composition to the first dielectric layer 101, and may be 
formed using techniques Substantially similar to those used 
to form the first dielectric layer 101 described above with 
reference to FIG.1. In an embodiment, the second dielectric 
layer 401 may have a thickness To ranging from approxi 
mately 50 nm to approximately 500 nm, with a thickness 
To ranging from approximately 100 nm to approximately 
200 nm being preferred. 

Referring now to FIGS.5A and 5B, a top view and a cross 
section view along section A-A', respectively, illustrating 
forming upper trenches 505 in the second dielectric layer 
401 are shown. The upper trenches 505 may be formed using 
techniques substantially similar to those used to form the 
lower trenches 205 (FIG. 2) described above with reference 
to FIG. 2. The upper trenches 505 may be formed perpen 
dicular to the lower trenches 205, such that the upper 
trenches 505 have a length that runs longitudinally to a 
second direction, which is perpendicular to the first direc 
tion. Accordingly, the remaining portions of the second 
dielectric layer 401 may be perpendicular to the remaining 
portions of the first dielectric layer 101. In an embodiment, 
this may be accomplished by rotating the structure 100 by 90 
degrees along a horizontal plane before forming the upper 
trenches 205. The upper trenches 505 may have a width 
Wsos that is Smaller than a depth Tsos of the trench. In an 
embodiment, the upper trenches 505 may have a width to 
depth aspect ratio of between approximately 1:2 and 
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approximately 1:10. In an embodiment, the width Wsos may 
be equivalent to a desired width of a subsequent fin or active 
area that may be formed in additional steps. 

Referring now to FIGS. 6A and 6B, a top view and a cross 
section view along section line B-B', respectively, illustrat 
ing forming a second semiconductor layer 603 in the upper 
trenches 505 (FIG. 5B) are shown. The second semiconduc 
tor layer 603 may be epitaxially grown on the upper surface 
of the first semiconductor layer 303 and the upper surface of 
the first dielectric layer 101 and may be in contact with the 
sidewalls 611 of the upper trenches 505. After epitaxial 
growth is completed, a top portion of the second semicon 
ductor layer 603 may be planarized using a conventional 
technique, Such as, for example, chemical mechanical pol 
ishing (“CMP) such that an upper surface of the second 
semiconductor layer 603 is substantially flush with an upper 
surface of the second dielectric layer 401. The second 
semiconductor layer 603 may or may not be composed of the 
same material as the underlying first semiconductor layer 
303. In an embodiment, the second semiconductor layer 603 
may be composed of the same crystalline semiconductor 
material as the underlying first semiconductor layer 303. In 
an alternate embodiment, the second semiconductor layer 
603 may be composed of a crystalline semiconductor mate 
rial that has a lattice mismatch of less than approximately 
1% with the underlying first semiconductor layer 303. 
Due to minimal or zero mismatch between the crystalline 

lattice of the second semiconductor layer 603 and the 
crystalline lattice of the first semiconductor layer 303, the 
amount of dislocation defects 605 in the second semicon 
ductor layer 603 may be minimized during epitaxial growth. 
However, a few of the dislocation defects 305 from the first 
semiconductor layer 303 may protrude or otherwise extend 
into the upper trenches, and may contribute to the disloca 
tion defects 605 in the second semiconductor layer 603. The 
dislocation defects 605 may reach and terminate at the 
sidewalls 611 of the upper trenches 505, and may decrease 
in density with increasing distance from an upper Surface of 
the first semiconductor layer 303. In an embodiment, an 
upper portion 613 of the second semiconductor layer 603 
above a height Hoo may be substantially exhausted of 
crystalline lattice defects. The height Hot may be approxi 
mately twice the width Wss of the upper trenches 505 (FIG. 
5A) as measured from the upper surface of the first semi 
conductor layer 303. Other dislocation defects such as 
stacking faults, twin boundaries, or anti-phase boundaries 
too may be substantially eliminated from the upper portion 
613 of the second semiconductor layer 603. 

Referring now to FIGS. 7A and 7B, a top view and a cross 
section view along section B-B', respectively, illustrating 
forming substantially defect-free semiconductor regions 701 
are shown. In an embodiment, an upper portion 707 of the 
second dielectric layer 401 may be removed selective to the 
second semiconductor layer 603 using an etching technique 
well known the art, such as, for example RIE. The substan 
tially defect-free semiconductor regions 701 may be made 
available for subsequent fabrication of semiconductor 
devices such as finFETs, with fins composed of the second 
semiconductor layer 603 having a height Hoz, and other 
CMOS based device components. In an embodiment, the 
depth Ho, and the width Wsos (FIG. 6B) may represent the 
pitch and width, respectively, of fins to be formed therein in 
Subsequent steps using the Substantially defect-free semi 
conductor regions 701. 

Embodiments of the present invention may reduce the 
number of dislocations formed during fabrication of lattice 
mismatched heteroepitaxially grown semiconductor crystal 
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8 
line structures as compared to conventional ART processes. 
By performing a first ART heteroepitaxial growth of a 
material in a trench, then rotating the sample along a 
horizontal plane by 90 degrees, and performing a second 
ART heteroepitaxial growth, defects and dislocations may 
be substantially reduced in an upper portion of a second 
semiconductor layer above a certain height from the upper 
Surface of a first semiconductor layer. For example, in an 
exemplary embodiment, the dislocation density in the upper 
portion of the second semiconductor layer may range from 
approximately 10° dislocations/cm to approximately 10 
dislocations/cm. Other dislocation defects such as stacking 
faults, twin boundaries, or anti-phase boundaries may also 
be substantially eliminated from the upper portion of second 
semiconductor layer. 
The rotated double ART process may increase the struc 

tural fortitude of the second semiconductor layer for subse 
quent processing, such as in fabricating high-electron-mo 
bility CMOS devices such as finPETs. This structure may be 
suitable for modern electronic devices that utilize both 
information processing and communication, as well as other 
specialized analog semiconductor devices, such as transis 
tors and opto-electronic devices. Embodiments of the pres 
ent invention may result in fabricating digital devices with 
Superior performance resulting from increased electron 
mobility along a fin structure thereby decreasing energy 
consumption of the fin device without decreasing its speed 
of operation. 
The descriptions of the various embodiments of the 

present invention have been presented for purposes of 
illustration, but are not intended to be exhaustive or limited 
to the embodiments disclosed. Many modifications and 
variations will be apparent to those of ordinary skill in the 
art without departing from the scope and spirit of the 
described embodiments. The terminology used herein was 
chosen to best explain the principles of the embodiment, the 
practical application or technical improvement over tech 
nologies found in the marketplace, or to enable others of 
ordinary skill in the art to understand the embodiments 
disclosed herein. 

What is claimed is: 
1. A method of reducing crystalline defects in a semicon 

ductor layer comprising: 
performing a first aspect ratio trapping (ART) process to 

form a first semiconductor layer on a substrate, wherein 
the first semiconductor layer has sidewalls in contact 
with a first dielectric layer, and wherein the first dielec 
tric layer has a length longitudinal to a first direction; 
and 

performing a second ART process to form a second 
semiconductor layer on the first semiconductor layer, 
wherein the second semiconductor layer has sidewalls 
in contact with a second dielectric layer, and wherein 
the second dielectric layer has a length longitudinal to 
a second direction that is perpendicular to the first 
direction. 

2. The method of claim 1, wherein the second semicon 
ductor layer comprises the same material as the first semi 
conductor layer. 

3. The method of claim 1, wherein a crystalline lattice of 
the second semiconductor layer is mismatched from a crys 
talline lattice of the first semiconductor material by less than 
19/6. 

4. The method of claim 1, wherein a crystal defect arising 
from a crystalline lattice mismatch between the substrate 
and the first semiconductor layer is concentrated in the first 
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semiconductor layer and extends only into a lower portion of 
the second semiconductor layer. 

5. The method of claim 1 wherein a dislocation density in 
the second semiconductor layer ranges from approximately 
10 dislocations/cm to approximately 10" dislocations/cm. 

6. The method of claim 1, wherein the first ART process 
comprises: 

forming the first dielectric layer on the substrate; 
forming a lower trench in the first dielectric layer, wherein 

the lower trench exposes an upper surface of the 
Substrate; and 

epitaxially growing the first semiconductor layer in the 
lower trench. 

7. The method of claim 6, wherein the lower trench has a 
width to depth ratio ranging from approximately 1:2 to 
approximately 1:10. 

8. The method of claim 1, wherein the second ART 
process comprises: 

forming the second dielectric layer on the first semicon 
ductor layer and the first dielectric layer; 

forming an upper trench in the second dielectric layer, 
wherein the upper trench exposes an upper surface of 
the first semiconductor layer and the first dielectric 
layer, and wherein the upper trench runs perpendicular 
to a lower trench; and 

epitaxially growing the second semiconductor layer in the 
upper trench. 

9. The method of claim 8, wherein the upper trench has a 
width to depth ratio ranging from approximately 1:2 to 
approximately 1:10. 

10. The method of claim 8, wherein a width of the upper 
trench is equivalent to a chosen fin width or an active area 
width. 

11. A method comprising: 
forming a first dielectric layer on a substrate; 
forming a lower trench in the dielectric layer, wherein the 

lower trench exposes an upper surface of the substrate, 
and wherein the lower trench has a length that is 
longitudinal to a first direction; 

forming a first semiconductor layer in the lower trench 
using a first high aspect ratio trapping (ART) process, 
wherein the first semiconductor layer has an upper 
surface that is substantially flush with an upper surface 
of the first dielectric layer: 

forming a second dielectric layer on the first semiconduc 
tor layer and the first dielectric layer; 
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10 
forming an upper trench in the second dielectric layer, 

wherein the upper trench exposes the upper surface of 
the first semiconductor layer and the upper surface of 
the first dielectric layer, and wherein the upper trench 
has a length that is longitudinal to a second direction 
that is perpendicular to the first direction; and 

forming a second semiconductor layer in the upper trench 
using a second high aspect ratio trapping (ART) pro 
cess, wherein the second semiconductor layer has an 
upper surface that is substantially flush with an upper 
surface of the second dielectric layer. 

12. The method of claim 11, wherein the lower trench has 
a width to depth ratio ranging from approximately 1:2 to 
approximately 1:10. 

13. The method of claim 11, wherein the upper trench has 
a width to depth ratio ranging from approximately 1:2 to 
approximately 1:10. 

14. The method of claim 11, wherein the second semi 
conductor layer comprises the same material as the first 
semiconductor layer. 

15. The method of claim 11, wherein a crystalline lattice 
of the second semiconductor layer is mismatched from a 
crystalline lattice of the first semiconductor material by less 
than 1%. 

16. The method of claim 11, wherein a crystal defect 
arising from a crystalline lattice mismatch between the 
Substrate and the first semiconductor layer is concentrated in 
the first semiconductor layer and extends only into a lower 
portion of the second semiconductor layer. 

17. The method of claim 11, wherein the forming the first 
semiconductor layer in the lower trench using the first high 
aspect ratio trapping (ART) process comprises: 

epitaxially growing a semiconductor material comprising 
SiGe or a III-V compound in the lower trench such that 
a crystalline defect in a lattice structure of the semi 
conductor material is concentrated in a lower region of 
the first semiconductor layer. 

18. The method of claim 11, wherein the forming the 
second semiconductor layer in the upper trench using the 
second high aspect ratio trapping (ART) process comprises: 

epitaxially growing a semiconductor material comprising 
SiGe or a III-V compound in the upper trench such that 
a crystalline defect in a lattice structure of the semi 
conductor material is concentrated in a lower region of 
the second semiconductor layer. 


